Concentrated broth constituents markedly enhanced the development of abscesses after subcutaneous injection of Mycoplasma arthritidis. Under appropriate conditions, both virulent and avirulent strains of M. arthritidis produced toxic effects in mice, as detected by the development of necrotic abscesses and death of the animals. The treatment of mice at birth with M. arthritidis antigens rendered the animals more susceptible to infection with M. arthritidis later in life, as evidenced by increased arthritis after intravenous injection. The injection of M. arthritidis into pregnant mice resulted in a high incidence of abortions. Comparative studies using different mouse strains showed that DBA mice were the most susceptible and BALB/c and C57BL mice were the most resistant to infection by M. arthritidis.
The agent-host relationships of mycoplasma and animals pose numerous perplexing problems. In the laboratory, large numbers of Mycoplasma arthritidis are required to induce experimental disease of rats and mice, yet spontaneous outbreaks of M. arthritidis infections of rats are not infrequent. Although the use of laboratory-adapted strains could, in part, determine low virulence, animal passaging to enhance virulence has been only moderately successful (5, 6, 9, 21, 23, 28) . Similarly, freshly isolated virulent strains must still be injected in large doses in rats in order to produce arthritis (5, 6) . Some investigators have used agar adjuvants to induce arthritis (10) .
A number of studies have shown that mycoplasmas readily invade diseased tissue. Thus, mycoplasmas have been isolated from rat joints affected by adjuvant arthritis (22) and 6-sulfanilamidoindazole arthritis (7, 19) . In addition, M. arthritidis is commonly found in rat lymphosarcomas and other rat tumors (14, 15, 29) . It may be that, in naturally occurring disease, damage of the tissues is a necessary prerequisite for infection by mycoplasmas. Thus, the isolation of mycoplasmas from human rheumatoid arthritis should be considered with this in mind (25) .
Agent factors which influence the capability of mycoplasmas to produce disease still require much investigation. Preliminary evidence suggests that M. arthritidis produces a toxin (8, 26) . Recently we reported data suggesting that the antigenic makeup of M. arthritidis mimics rat tissues, thus aiding the organism to become established in the host by circumventing the primary immune mechanisms (1, 4) . In addition, avirulent strains of M. arthritidis were found to be more susceptible to the growth-inhibiting action of antibody than are virulent strains (11) .
The present study explores various factors influencing the development of both abscesses and arthritis in mice induced by M. arthritidis.
MATERIALS AND METHODS
Strains used. M. arthritidis strains 158 P10 (4) and 158 P10 P9 (8) were used as virulent cultures, and strain H606, which was found to be nonarthritogenic for rats (11) , was used as an avirulent culture of M. arthritidis.
Media and preparation of cultures. Mycoplasma agar and broth (Difco) as modified by Chanock et al. (3) and Hayflick (13) were used throughout these studies. Suspensions of organisms for injection were prepared and counted as previously described (11) .
Induction of abscesses. The avirulent strain of M. arthritidis (H606) failed to produce a massive, spreading necrotizing abscess even when 1010 CFU were injected. However, minor signs of necrosis were apparent in some mice with this inoculum.
Effect of broth constituents on abscess development. The necrosis observed in mice after sc administration of M. arthritidis led us to search for a toxic product in culture supernatant fluids of M. arthritidis. Concentrated supernatant fluids from M. arthritidis strain 158 P10 P9 cultures and concentrated uninoculated broth were injected intradermally into mice. Sometimes small transient lesions were produced at the site of injection with both preparations, but this effect was found to be due to salt toxicity since it could be neutralized by dialyzing the preparation and be restored by addition of salt to the dialysates. An was shown that 2 x 104 to 2 x 10' CFU were required to induce 100% incidence of abscesses after sc injection (Table 1) . Concentrated supernatant fluid was only slightly more effective than uninoculated broth in promoting abscess development. In the presence of both concentrated broth and concentrated supernatant fluid from the 158 P10 P9 culture, M. arthritidis strain H606 was capable of inducing large, spreading necrotic abscesses with an inoculum of 2.7 x 106 per mouse. On the other hand, 2.7 x 1010 CFU in the absence of broth constituents produced only small swellings without evidence of inflammation. These results suggest that the difference between virulent and avirulent strains of M. arthritidis are quantitative rather than qualitative. The adjuvant effect of broth constituents was found not to be due to salt toxicity since, in a separate experiment, dialyzed preparations of concentrated broth constituents still exerted marked enhancing effect on abscess production by M. arthritidis.
To investigate vascular permeability at the injection site, mice were treated iv with 0.1 ml of 1% (w/v) aqueous trypan blue 3 and 8 hr after the sc injection of concentrated broth and concentrated culture supernatant fluid.
Ten minutes after injection of trypan blue, the mice were sacrificed, and the underside of the skin was examined. It was found in all mice that the injection site remained colorless, whereas the surrounding cutaneous tissue had developed a pale blue coloration, thus indicating that the dye had failed to penetrate the injection site.
Since strain H606 was capable of inducing necrosis, the virulence of this strain for mice was investigated. The results are summarized in Table 3 . Mice were injected iv with 4 (1) Ir (1) aMean arthritis scores.
false results due to infection of the offspring from the mother after birth. Thus, three groups of offspring were tested for their susceptibility to M. arthritidis: (i) mice which received neonatal exposure to M. arthritidis and which were suckled by healthy foster mothers, (ii) offspring from healthy mothers which were nursed by arthritic mothers, and (iii) controls consisting of untreated offspring nursed by healthy mothers. ritidis, indicating that the offspring had not produced an immune response against M. arthritidis.
The susceptibility of all three groups of mice to M. arthritidis strain 158 P 10 was then tested by the iv injections of 2 x 106 to 2 x 109 CFU. There was comparatively little difference in the incidences of arthritis between the three groups. However, there was some evidence that mice which had received neonatal exposure to M. arthritidis exhibited a more severe arthritis and of shorter onset at doses of 2 x 107 and 7 x 10' CFU as compared with the controls. The results, however, were not dramatic and were of doubtful significance.
Comparative susceptibility of different mouse strains. In this study, two parameters were observed, namely the development of arthritis and death of the animals. The results are summarized in Table 5 . Due to the small numbers of animals per experimental group, ED50 values were not calculated. However it is clear that the various strains differed in their susceptibility to M. arthritidis. Thus, the C57BL and BALB/c mice were the most resistant to the development of arthritis. The highest arthritis scores occurred in the SwissWebster mice with an inoculum of 6 x 101 CFU per mouse. These high scores were partly due to the fact that the Swiss-Webster strain was among the least susceptible to death, thus allowing the mice to develop a more severe arthritis. On the other hand, the arthritis scores of the DBA strain were higher than the Swiss-Webster mice with inocula of 6 x 101 to 6 x 108; but, an inoculum of 6 x 10" killed 4/5 mice by 5 days, a time at which arthritis is not maximal. Thus, it would appear that lethality and arthritogenesis are not necessarily related. The DBA mice exhibited the highest death considering all inocula given, and this fact, together with their high overall arthritis scores, would render them the most susceptible to M. arthritidis.
Preliminary studies to compare the antibody responses of the various mouse strains were undertaken. Serum specimens were taken at 3 and 5 weeks after initial injection of the organisms. MI antibodies were not detected. None of the mice responded well to M. arthritidis antigens at 3 weeks, the CF titers being 1: 10 to 1: 160. At 5 weeks the CF titers ranged from 1:80 to 1: 640. No correlation was evident between strain of mouse, susceptibility to arthritis, or CF antibody response. DISCUSSION
The virulence factors of mycoplasmas are poorly understood as are factors of host resistance. For example, M. arthritidis causes an acute suppurative arthritis in rats which clears in several weeks without treatment (4, 9) . In contrast, the same organism in mice initiates a chronic relapsing arthritis which will last for at least 269 days (8 Although an exotoxin does nrot appear to be produced by M. arthritidis, the fact that viable organisms can cause death of mice after iv injection and marked necrosis of tissues after sc injection supports the existence of a toxic metabolite and indicates that it may be synthesized only in vivo as for M. gallisepticum toxin (27) . Since relatively avirulent mycoplasmas can also induce death and necrotic abscesses, it is clear that these latter properties are not necessarily correlated with arthritogenic ability. A difference in survival of the organisms in the host appears to be a more likely explanation for virulence. Previous results employing the rat-passaged strain of M. arthritidis, 158 P10, have a bearing on this problem. Thus, rats were highly susceptible to the arthritogenic properties of this strain, whereas mice were resistant, apparently due to insufficient adaptation of this organism to growth in mice (1, 8) . However, mice were still highly susceptible to necrotic abscess development after sc injection of the same organism, whereas rats did not exhibit necrosis. Other evidence indicates that virulent mycoplasmas may survive in the host by their greater resistance to the inhibiting action of antibody (11) .
The injection of newborn mice with M. arthritidis antigens markedly increased the susceptibility of the mice later in life to the arthritogenic properties of M. arthritidis. These observations led us to postulate that the infection of a pregnant mouse might also result in decreased resistance of offspring by transplacental exposure of fetuses to mycoplasmal antigens. In our studies, no enhancement of susceptibility to M. arthritidis was observed in the offspring. However, the dose of killed organisms and their injection in the late stages of pregnancy may not have been appropriate. Davidson Whereas rats and mice differ in their susceptibility to M. arthritidis, we have also shown that different mouse strains have varying susceptibility to M. arthritidis. There has been no systematic examination of the susceptibility of different mouse strains to mycoplasmas. In the present study, DBA mice were highly susceptible in terms of arthritis and death. Thus, the DBA mouse strain might be more suitable for studies relating to M. arthritidis toxicity. The C57BL and BALBic mice were much less susceptible to arthritis and death. The fact that the Swiss-Webster mice produce high scores yet a lower incidence of deaths again points to the fact that arthritogenic ability and toxicity are not necessarily directly related. The observations reported here were of a short-term nature and further studies on differing responses to the chronic phase of M. arthritidis infection (8) are necessary.
Several factors influencing the development of disease induced by M. arthritidis have been described in this study. Differences in the response of mice and rats to abscess and arthritis development emphasize the complex nature of virulence and host-parasite relationships.
